The paper is devoted to the study of the lighting conditions created by the second-generation LED light sources. It has been established experimentally that illumination created by second-generation LEDs does not cause negative effects on human organs of vision and body as a whole. It is shown that changes in the functional parameters of the organs of vision occurring during the performance of visual work fall within the respective limits of physiological fluctuations and are reversible. Integral lighting efficiency indicators of the second generation LEDs by visual performance and the degree of visual fatigue are estimated. The practical significance of the results obtained is shown.
Introduction
The high growth rate of the LED products market contributes to their widespread use due to significant energy savings and lower operating costs. However, a primary feature of the radiation created by modern white LEDs is significant radiation flux intensity in the blue part of the spectrum. This fact causes a wide range of opinions in the scientific community on the medical and biological aspects of the LED radiation effects on the organs of vision, psychophysiological state and general physical health of a person [1] [2] [3] . In fact, the results of foreign work in this area are used in practice of LED lighting application in Russia. At present, the second generation white LEDs have appeared on the market, the development of them is aimed at reducing possible photobiological hazard to vision, since their spectrum is close to the solar one [4] [5] . It can be assumed that second-generation LEDs will not be as dangerous for the organ of vision as some experts believe. However, this is possible to prove only on the basis of the conducted experimental studies. In Russian and foreign literature sources, there are data only concerning a few research results on the effect of first-generation LED lighting on certain vision functions and visual performance, and those results are extremely contradictory and ambiguous. This gives grounds to consider the studies performed as relevant. The purpose of this work is a comprehensive assessment of the efficiency of illumination created by second generation LEDs (ILED), taking into account the state of the organ of human vision, and integrated indicators of visual performance.
Methods
The analysis of existing methods for determining individual indicators made it possible to choose the most adequate ones to the set task: to assess the effectiveness of the light conditions created by LEDs when performing visually strained work. We developed and used in this experiment a comprehensive method for assessing the influence of the LED light condition on the indicators of the state of the organ of vision and the human body as a whole; the method is described in detail in [8] [9] [10] .
Main Part
An experimental lighting installation was designed and installed ( Fig. 1) for laboratory research purposes. The reflection coefficients ρ of the enclosing surfaces of the ceiling, walls and floor of the research premises were 0.7; 0.5; 0.3, respectively; the reflection coefficient of the working surface -0.3. The enclosing and working surfaces of the rooms were diffusely reflective. Experimental studies were conducted at two levels of illumination E -500 and 1000 lx. The change in level E was achieved respectively by using a starter-controlled device and control devices regulated according to the "DALI" protocol. Before the experiment, the lighting options were modeled in the DIALux program in order to verify the requirements imposed by [11] ( Work with metal products characteristic of the electric-lamp industry for duration of 90 min was chosen as a model of visual performance. The functional load was to identify defects (quality control) and to sort metal products (current inputs made of various metals and alloys). Work for 90 minutes using the selected model is equivalent by visual fatigue to real working conditions for an eight-hour working day. 10 observers selected for the experiment from among volunteer students aged 20-25 years shown the following results: the refraction was mainly emmetropic; visual acuity in both eyes -1.0; color perception without pathology. The procedure of one experiment was approximately as follows: adaptation to the lighting conditions for 15 minutes; measurement of the critical flicker frequency (CFF), the time threshold of achromatic adisparopy, the nearest point of clear vision, diastolic and systolic blood pressure and heart rate; working with correction tasks; one-and-a-half-hour visual work; re-measurement of vision and blood pressure; filling of subjective assessment questionnaires. Let's consider the individual results of experimental studies. Statistical processing of absolute accommodation scope research results (AAS) showed that in the compared lighting variants, shifts in AAS values were not reliable (p <0.05 by Student's t-criterion), therefore, the accommodative-muscular system illuminated by second-generation LED light sources was no worse than when illuminated byFL (LFL). Studies devoted to the state of the central organ of vision core before and after work according to the CFF method did not reveal the most preferable lighting option: Student's t-test did not confirm the significance of differences at the studied levels of E. The decrease in CFF during a laboratory experiment was associated with the visual work being done; this process is reversible -by the beginning of the next day, the indicators were restored to their original values. That is, under conditions of illumination by second-generation LEDs, a suppressive effect on the state of the central nervous system was not detected. Visual performance indicators (performance and quality of work) were determined by the following indicators: the testing time and the number of errors made during the test, respectively; the KPFC-99M PSYCHOMAT complex for psychophysiological studies has been used ( A comparative analysis of the data in Table 2 allowed us to state their identical qualitative character: the visual performance rate was significantly reduced in the process of work for an hour and a half. An increase in the illumination level from 500 to 1000 lx did not lead to an increase in the visual performance rate. An assessment of the significance of differences obtained for the visual performance rate (according to Student's t-criterion) at different levels of illumination showed that the difference is random, since the significance level is p> 5%. With the growth of visual fatigue in the process of one and a half hours of work, the number of errors increased. So at E = 500 lx, the performance quality decreased by 62.8%, at E = 1000 lx -by 55.4%.As for the comparison of performance quality indicators at different levels of illumination, at E = 1000 lux before the work the number of errors was 2.6% less than at the level E = 500 lux, and by 7.6% less after work, but Student's t test has not confirmed the validity of these differences. That is, the optimal level E for works of IIIa category in the case of the use of second-generation LEDs is no higher than 500 lux.
Summary
It should be emphasized that the work on the hygienic evaluation of lighting installations with second-generation LEDs requires continuation.
Conclusion
An analysis of the results showed that the second-generation LED illumination does not cause a negative effect on organs of vision and indicators of visual performance (age group 20-25 years).Studies carried out under different lighting conditions (LED and FL) revealed both the close connection of the visual functions with the compensatory-adaptive reaction of the organism, and the stability of adaptive systems and systems responsible for regulating the sensitivity of the organ of vision and the organism as a whole. The results of the studies can be used to develop practical recommendations for implementation of second-generation light emitting diodes.
